The aim of this study was to establish a wear model for testing composite filling materials with abrasion properties closer to a clinical situation. In addition, the model was used to evaluate the effect of filler volume and particle size on surface roughness and wear resistance. Each incisor tooth was prepared with nine identical standardized cavities with respect to depth, diameter, and angle. Generic composite of 3 different filler volumes and 3 different particle sizes held together with the same resin were randomly filled in respective cavities. A multidirectional wet-grinder with molar cusps as antagonist wore the surface of the incisors containing the composite fillings in a bath of human saliva at a constant temperature of 37°C. The present study suggests that the most wear resistant filling materials should consist of medium filling content (75%) and that particles size is not as critical as earlier reported.
In 2003 the Norwegian Department of Health and Social Services published guidelines that encouraged dentists to minimize the use of amalgam to only those cases where no other type of filling material could be advocated 1, 2) . Other Western countries (Finland, Austria, Germany, Sweden, and Denmark) have implemented similar or more restrictive guidelines especially for young children, pregnant women, and patients with kidney failure [3] [4] [5] [6] [7] . The use of composite/glass ionomer fillings has had a world-wide increase due to restrictions and prohibitions on the use of amalgam, an overall decrease in the number of surfaces being filled with amalgam, as well as patients' growing demand for aesthetics even in posterior regions 6) . Wear is a multi-factorial phenomenon that results in loss of material. In the case of composites, wear is defined as loss of anatomic contour 8) . Wear of the composite fillings of individuals with bruxism and clenching habits occurs through what is known as a two-body tribochemical/ biomechanical wear.
Today, although materials for filling dental therapy have evolved considerably, most dentists still use commercial dental composites that utilize Bowen's original methacrylate monomer system or a close derivative thereof 9) . In general, there are four key parts in a composite:
(i) A matrix phase, (ii) A dispersed phase (fillers and color modifiers) (iii) Polymerization initiators and/or catalysts (iv) The coupling phase which adheres the matrix to the filler particles (e.g. silanes). It is important and interesting to note that Bowen's intention was to provide a filling material that was suitable for restoring anterior teeth and not large posterior restorations 9) . Restoring functional cusps in molars with composites has now become a every-day clinical procedure. According to a literature survey of five long-term studies, ranging from 6 to 17 years in duration, posterior composites perform adequately to very good in small to moderate-sized cavities when the margins are within enamel 10) . However, while the wear resistance of dental composite restoratives is no longer considered to be a major concern for most restorations, the relatively limited information available suggests that it may still be a concern for very large restorations in direct occlusal contact, or for those patients with bruxing and clenching habits 10) . The physiological wear of either tooth substance or restorations does not interfere with a patient's oral health, because the stomatognathic system is highly adaptive to change. Wear is only a problem if it becomes excessive and occurs rapidly 11) . Heintze substantiates his claim by citing a Dutch clinical follow-up study on 96 composite inlays/onlays and 33 direct fillings for 11 years by J.W. Van Dijken. Van Dijken only found clinically evidence of wear in patients suffering from bruxism 11, 12) . Wear is a multifactorial phenomenon that results in loss of material. In the case of composites, wear is defined as a loss of anatomic contour and the progressive loss of substance resulting from mechanical interaction between two contacting surfaces, which are in relative motion 8, 13) . Wear in the composite fillings of individuals with bruxing and clenching habits occurs through a two-body tribochemical/biomechanical wearing down of hard tissue by a process clinically referred to as abrasive wear 13, 14) . According to one review by Turssi et al. "the intraoral tribology of dental composites is highly complex and wears as a function of a tribological system is composed of three basic elements":
(i) The structure -types of materials in contact and the contact geometry; (ii) The interaction conditions -loads, stresses, and duration of interaction; and (iii) The environment -chemistry, surface topography, and ambient temperature 13) . Hence, in order to properly simulate the in vivo environment of a bruxist, all in vitro models should apply appropriate parameters like the abrasion movement and the nature of the antagonist, its force/load upon the tested composite material, the number of cycles, as well as oral conditions like temperature, pH and bacterialload.
There is at present no standard method for testing wear of dental composites 11) . Several different models are reported in the literature, such as Ivoclar Vivadent method (IVOCLAR) 15) , Zurich method (ZURICH) 16) , Oregon Health Sciences University Oral Wear Simulator (OHSU) 17) , Munich Method (MUNICH) and ACTA method (ACTA) 18) . The reliability of these different wear simulating models varies depending on which effect the authors wanted to highlight [19] [20] [21] . Unfortunately, they are not optimized for testing bruxisme effect on composites or other filling materials in buccal conditions. To date, there is no standard method of testing wear of dental composites 11) . Thus, this study proposes a new in vitro wear model, the Oslo model, which is believe to be closer to clinical wear.
In addition, it is also aimed to use this model to investigate the effect of filler's volume and particles size and degree of silanization on material wear. Several studies regarding particle sizes and filling volume have been published using different wear models [22] [23] [24] [25] [26] [27] . Only commercially available dental composites have been tested, and general conclusions regarding wear resistance depending on particle size and volume have been drawn. The main deviancies of these studies are the use of commercially available dental composites with different matrix composition and different types and shapes of filler particles. It is the authors' belief that is not possible to fully understand the wear mechanism of dental composites when several parameters not being kept constant. The main objective of this study was to evaluate the current Oslo wear model and to investigate the effect of both filler particle sizes and volumes on wear.
MAtErIALS And MEtHodS

Composites and teeth preparation
Wear simulation of the composite materials was conducted with six decollated incisors marked, which were to be filled according to the following randomized order ( Table 1 ). The table corresponds to the grid on the incisors below where "1a" in the table is the first row of wells and the first column (Fig. 1, 1) . Extracted molars and incisors were generously provided, after selection by optical means, by the Department of Propaedeutics, Faculty of Dentistry, University of Oslo.
The incisors were prepared with 9 wells, each with a round diamond bur (d=0.5 mm). This was done free-hand and each well/cavity was approximately 2.5 mm deep and wells were 2 mm apart (Fig.1,1) . Each molar (n=4) was acid-etched and bonded to each other with bonding agen (Adper™ Single Bond Plus Adhesive, 3M™ Espe™, Oslo, Norway). A customized plastic tripod was bonded to the bottom of the four molars. The molars were then fixed in epoxy with the following epoxy system (Buehler Epoxicure™ Hardener , Buehler Epoxicure™ Resin, Buehler GmbH, Düsseldorf, Germany). 90% 3a 5f 3b 6e 3c 6f Fig. 1 (1) Test incisors with wells. The composites with different particle sizes and filling volumes were placed according to randomization, (2) Placement of incisors imbedded in epoxy block (i) (3) acid etching and curing with LED of the composite prior to grinding and polishing, (4) The human molar cusps served as antagonist to simulate wear and were fixated in epoxy (m) so that the cusps points were all aligned in the same plane, (5) The resin block (i) with the test composites were placed in human saliva donated from healthy dental students (s) and fixated. The epoxy block containing the cusps (m) on top of the other epoxy block containing the incisors (i). The epoxy block (m) was then connected to a lever (L), which exerted a given force on the incisors in resin block (i). The lever (L) conducted circular randomized movement of block (m) onto block (i). The whole procedure took place at control atmosphere and at 37°C.
The antagonist cusps were fixated in epoxy so that the cusps points were all aligned in the same plane (Fig.1,4) . Molars have been successfully used as wear antagonists in other model 28) , and were thus chosen here as well (Fig.1,4 ). Molars were mounted in an epoxy matrix (Epo-Thin, Buehler GmbH, Düsseldorf, Germany).
Releasing agent was applied to the epoxy molds (Metaren Mold, Norsk Dental Depot AS, Oslo, Norway) prior to mixing a epoxy resin (Epoxicure™ Hardener & Resin, Buehler GmbH, Düsseldorf, Germany) which was then poured into the molds. Curing was accomplished by following accompanying instruction pamphlets 29) . The generic composites resins were mixed based on the datasheet of a dental filling material (Z100™, 3M™ ESPE™, Oslo, Norway), with silane-treated filler 80-90%, Bisphenol A diglycidyletherdimethacrylate resin 5-15% and triethyleneglycoldimethacrylate 5-15%. In addition of 0.2 wt% 2,2-dimethoxy-2-phenylacetophenone (DMPA, Sigma-Aldrich GmbH, Schnelldorf, Germany) in a resin composed of Bis-GMA with the reactive diluent TEGDMA at a 7:3 weight ratio was added.
This project studied three different filler sizes by diameter (Table 2 ) (UF0,4 Sil 9.4%, SM3,5 Sil 1.0% and K3 Sil 0.5%, Scott Electronic, Landschut, Germany). All the composite materials that was used in the study had identical matrix but with three different filler sizes and volumes (Table 3 ). The nomenclature presents two letters: the first indicates the volume of fillers (L for low, M for medium and H for high) when the second gives the particle sizes (S for small, M for medium, and L for large).
Incisors (n=6) were fixed in epoxy prior to preparation of wells. The wells in each incisor were acid-etched (3M™ ESPE™ Scotchbond™ Phosphoric Etchant Delivery System (35% phosphoric acid)). The acid was then sprayed away with water, the wells dried, and then the adhesive was applied and light cured using LED lamp (L.E.Demetron II LED Curing Light, Kerr Corporation, Washington D.C., USA) with Output: Base of 1,200 mW/cm 2 to a peak of approximately 1,600 mW/ cm 2 ) for 10 seconds (Fig. 1, 3) . The wells were then filled with composites which were cured by means of UV-irradiation (Fluo-Link, Vilber Lourmat, Marne-LaVallée, France) at 6,500 mW/cm 2 for 20 min in order to ensure that the samples had the similar matrix composition and cross-linking grade.
The filled cavities were ground down and polished to be level with the epoxy. This was done by using the rotational wet-grinder (Phoenix 4000, Buehler GmbH, Düsseldorf, Germany) Sample Preparation System ( Fig.  1 , 2) and abrasive paper with different grits in the following sequence: grit paper 320 for 45 min, grit paper 500 for 90 min, grit paper 800 for 15 min, grit paper 1,200 for 15 min, grit paper 2,500 for 40 min and grit paper 4,000 for 40 min. All grinding was performed with water, in contra direction and with 65 Lbs in loading. The dental composite fillings were polished to ensure a homogenous surface structure prior to wear.
Wear simulation
The wear for this particular investigation was multidirectional ( Fig. 1, 5 ). For the wear experiment, each incisor embedded in epoxy was placed in the polisher/grinder machine (MiniMet, Buehler GmbH, Düsseldorf, Germany) opposite the antagonist cusps. The experiment was conducted at a set constant force (50 N), 20,000 chewing cycles with a frequency of 0.85 Hz (50 rpm) (Fig. 1, 5) .
The wear experiments were conducted at a constant temperature of 37˚C in a heating chamber (FED, Binder, Table 2 Filler particles used in the study-types, sizes, and percent silane (Sil) addition Tuttlingen, Germany), which also kept a constant humidity. Human saliva donated from healthy dental students with buffer capacity and bacterial loads (s. mutans and lactobacillus) within the normal physiological ranges were used as lubricant (Fig.1,5 ). The samples were stored after wear simulation in beakers of deionized water, in the dark, at room temperature.
Degree of conversion (DC%)
The Attenuated Total Reflection Fourier Transform Infrared Spectroscopy, ATR-FTIR (Spectrum 100, Perkin Elmer Instruments, Oslo, Norway), was used to analyze the degree of conversion of each composite polymer matrix. From the obtained IR spectrum, it can be determined what kind of bonds the compound has, or look for changes in types of bonds after, for example, curing of the dental composite 30) . Assessment of FTIR spectra has previously been proven a valuable method for the quantitative analysis of resin-based composite conversion [31] [32] [33] . The method for calculating the Degree of Conversion (DC%) was done according to the "twofrequency baseline" method where the percentage of unsaturated aliphatic C=C bonds remaining in the test material after irradiation was determined. This was made possible by using the ratio of peak intensities of aliphatic C=C to aromatic C=C (1,635 and 1,608 cm -1 , respectively) acquired from the FTIR spectra 31, 34) .
Surface characterization and statistic
The various composite fillings' surface characterizations were measured with a blue light laser interferometer/ profilometer (Sensofar Plµ 2300, Terrassa, Spain), which scanned 90×80 µm 2 areas through a 150× Nikon objective (Sensofar Plµ 2300, Terrassa, Spain). All filled cavities were measured prior to wear. After the wear part of the experiment, the loss of volume was calculated using the provided software package (SensoMap Plus 4.2, Sensofar, Terrassa, Spain). The surface fractal dimensions (Sfd), the surface core fluid retention index (Sci), the surface top-to-bottom (St), and the surface roughness (Sa) of each filling material before and after wear testing were also calculated using the same software package. A tabletop scanning electron microscope (SEM) (TM-1000, Hitachi, Tokyo, Japan) was also used to detect surface changes (500× of magnification).
All the results were presented as mean values±standard error (SE). ANOVA comparison of means was performed by a software package using the Tukey-test (SigmaStat 3.5 Systat Software Inc., San Jose, USA). The significance level was set at 0.05 and marked * in the tables and figures.
Micro-computed tomography (µCT)
Before and after wear testing, the antagonist cusps were scanned with a commercially available desktop microcomputed tomography scanner (Skyscan 1172, Skyscan, Kontich, Belgium). The purpose of these analyses was to determine the wear on the antagonist, and detect if the enamel was still present after 120,000 cycles (6 incisors ×20,000 cycles).
The system (Skyscan 1172,, Skyscan, Kontich, Belgium)contains an X-ray microfocus tube of 5 µm spot size with high-voltage power supply, a specimen stage with precision manipulator and a two-dimensional X-ray CCD camera. The CCD camera was set with a resolution of 11 µm for all the samples. The antagonist cusps emerging from their epoxy block were placed on a brass stub with plasticine. Scans were obtained at 100 kV and 100 µA, with the use of 0.5 mm thick aluminum and copper filters to optimize the contrast, a 360 degrees rotation, 3 frames averaging, a rotation step of 0.4 degree (2,700 images per scan) and exposure time of 295 ms. The isotropic pixel size (voxels) was fixed at 8 µm.
The reconstruction software (NRecon v.1.4.4) was used to create 2,000×2,000 pixels 2D images. The grey-scale images were segmented using a median filter to remove noise, and using a fixed threshold to observe the difference in density between enamel and dentine. The ring artifact correction was fixed at 12, the smoothing at 1, and the beam hardening correction at 69%.
A three dimensional (3D) model of the cusps was made, both before and after wear testing. A superposition of the two models was conducted to visually determine the loss of the cusps' volume. X-ray pictures of the antagonists were taken after wear testing in order to see the boundary enamel/dentine of the cusps.
rESuLtS
Degree of conversion
The ATR-FTIR produced spectra that showed how the DC% increased concomitantly with increased curing time (Fig.2) , and was calculated for each and every composite type (Table 4 ). The highest DC% was measured in the composite with high filler volume and large particle size (HL) (88.45%), and the lowest was measured in the composite with high filling volume and small particle size (HS) (59.96%). No general trends pertaining to the DC% could be observed within the three volumetric groups or with regards to the filler size. The average DC% for the three volumetric groups was 77.57% for the low filler volume, 75.58% for the medium filler volume, and 77.99% for high filler volume. Figure 3 displays a 3D model generated by microcomputed tomography (µCT) scans of the molar cusps. This image superposes the cusps before and after the occlusal wear simulation; the blue areas represent the worn down areas, before wear testing. The X-ray images, also obtained from the µCT scans shows the cusps after wear simulation (Fig.3,C) . The horizontal green line cross-section is displayed in Fig. 3 , B, and the blue line cross-section can be viewed in Fig. 3 , D.
Micro-computed tomography
Profilometry A selection of three profilometry images is presented in Fig. 4 , where the circular boundary between the enamel surface and the filled wells is clearly visible. The images also show different degree of surface roughness and topography. Profilometry images from all the wells were used to calculate surface topographical parameters (St, Sa, Sfd and Sci) of the filling materials before and after wear testing (Fig. 5) . The surface top-to-bottom values (St) of the filling materials were all higher after wear for all the composite types. For the composites with low and high filler volumes (60 and 90%, respectively), the matrices with the smallest filler particles (2.39 µm) showed the greatest St-values after wear (180.14 µm and 173.95 µm, respectively). Furthermore, the St-values showed a tendency of decreasing from smaller to larger Fig. 3 The wear on the cusps is visible in the two superimposed 3D-image from the µCT of the four cusps before and after the wear. The blue area display wear the wear occurred (A). X-ray images from the same µCT also show the wear, were flatter area on top of the cusps (B, D) are visible. These cross sections represent the blue and green line in figure C . Images B and D shows that the wear occurred, however the wear was only in the enamel region. The set of cusps were used for 120,000 cycles (6×20,000 cycles).
particles (LS, LM, LL and HS, HM, HL). Such a trend could not be observed amongst the composites with a medium volume (MS, MM, and ML).
The surface roughness values (Sa) of all the filling materials were as well higher after wear testing compared to before. The tested composites with the smallest filler particle sizes showed the greatest Sa-absolute values (LS=8.72 µm, MS=6.43 µm and HS=6.50 µm), as well as highest relative values within their respective volumetric groups. For the LS and MS composites, the Sa-values increased was found significant, but not in the HS due to high SE. Furthermore, the St-values and Sa-values for both the low and high filler volumes were progressively lower for small to large sized filler particles (LS>LM>LL and HS>HM>HL). The same trend could not be seen in the composites with medium filler volume (MS, ML>MM).
The surface fractal dimension (Sfd) values of the filling materials after wear testing showed an increase from small to large particles within the volumetric groups.
The surface core fluid retention index (Sci) values of the filling materials after wear testing showed an increase only for the composites with a low filling volume compared to before. On the contrary, a decrease in Sci could be measured after wear testing for the medium and high filled composites, independently to particle size.
Loss of volume analysis from the profilometry study did not reveal any significant difference (data not shown).
However a trend was observed suggesting that composite material type with the highest wear resistance (lowest loss of volume) was seen in the composite blends with the medium volume of fillers.
Scanning electron microscopy
The particle repartition within the nine composite materials after wear testing could be imaged by SEM (Fig.6 ). The composites with small particles did form agglomerates within the polymer matrix.
dIScuSSIon Abrasion due to bruxism seems to be the main reason filling materials are replaced due to clinically visible anatomic loss of contour. According to Heintze, composites in non-bruxers are frequently replaced prematurely and the decision to replace them is not Fig. 6 SEM images of selected wells after the simulated wear procedure. The large white images on LS, MS and HS were due to agglomerated small particles. The average particle size is smaller than for LM, MM and HM. The SEM images show that the particles were well dispersed, and well bounded to the matrix with now gaps. Very few air bubbles were visible.
based on sound scientific evidence, but rather based on subjective criteria 11) . The effect of standardization of enamel cusps on wear has previously been studied and all studies concurred that "natural enamel antagonists are preferable for the simulation of wear in the occlusal contact area" (OCA) 14, 35) . The Oslo Model was therefore designed to simulate bruxism closer to reality when compared with currently available wear models. The multidirectional movement of the abrasive antagonist in the Oslo Model simulates bruxism at a constant load. The Oslo Model also uses natural molar cusps as antagonist, as already reported in other model 14, 28) , instead of simulating wear by other means, i.e. toothbrush or stylus, animated by multidirectional movement and constant load.
It is indeed imperative that wear studies of dental materials in vitro include relevant in vivo parameters. The novelty with the Oslo Model is therefore a setup very close to real oral conditions: four human molar cusps as antagonist, composite fillings filling materials placed in the enamel of the flat labial surface of incisors, and then lubricated with human salvia at 37°C. The use of four different human molars ensures variation in the cusp's geometry. One concern was that the antagonist motion may wear the enamel down to the dentin level (Fig. 3, A) . From these figures, the abrasion on the cusps was only taking place within the enamel region, and did not reach the dentin (Fig.3, B and C) . Since the set of cusps exhibited wear on the enamel, it is also natural to conclude that the enamel on the incisors also was worn. However, the cusps in Fig. 3 were used in six wear simulations, thus the wear on the incisor's enamel should be six time less.
Human saliva was used in the experiment in order to best simulate in vivo conditions. Moreover, it has been reported that saliva provides the ideal lubrication and its charged, extended macromolecules (including the proline-rich glycoproteins and mucins) produce a high film strength that offers strong resistance to penetration by particles sliding on it, thus reducing wear 13) . There are a number of variables that affect the degree and rate at which dental composites suffer from wear. The following properties are identified as being especially influential 13, 36, 37) : • The filler ○ the relative hardness to that of the (antagonist) ○ the content, shape, size, orientation, and the distribution • The matrix, and ○ the relative wear resistance of the matrix to that of the filler ○ the relative abrasiveness of the matrix against the filler • The interface ○ the loading conditions during abrasive wear. There are several studies regarding particle sizes and filling volume available in current literature [22] [23] [24] [25] [26] [27] . The authors in these studies have used commercially available dental composites and drawn conclusions regarding wear resistance depending on particle size and volume. The main drawback is that all commercially available dental composites have different matrix composition as well as different volumes of filler particles, types, shapes, silanized or not. On the contrary, in the present study, identical polymeric matrix was used. The only two variable parameters were fillers' volume and size. As already mentioned, the fillers used in this experiment had different silanization percentages (A=9.4%, B=1.0%, and C=0.5%). The reason filler particles are silanized is to improve the coupling between the matrix and the fillers, leading to a better load transfer and increased wear resistance 38) . But even though the silanization degrees were different, all particles used in this study were indeed silanized.
It is well established that when it comes to composites, if the parameters (matrix, filler treatment, DC%, etc.) are the same, their ability to be polished and their wear resistance diminish as the size of the fillers increase 39, 40) . The smallest particle size, highest level of silanization, and the very highest percent of filler volume (HS) should therefore have yielded composites with the lowest levels of wear. This is because durability to fracture increases as the percent of inorganic loading increases, and the ideal composite is highly filled with very small particles 39, 40) . There are several reasons for the fact that composites with low volume of fillers and small filler sizes (LS) had the highest surface roughness difference before/after wear testing, in this study. Composites with smaller filler particles have an increased rate of crack propagation and thus fracture much more frequently. This is because they exhibit low tensile strength, low stiffness, deform under stress, and are more susceptible to fatigue fracture due to their poorer ability to absorb stress 39, 40) . The present study also showed that agglomeration occurred on the surface of these fillings, which may as well accelerate the wear of such composites (Fig. 6) .
Composites with large filler size are worn down primarily by exfoliation of filler particles. This is in contrast to micro-filled composites (composites with small fillers) that acquire micro-cracks within the material. These cracks will eventually merge, resulting in a crack running parallel to the surface followed by the eventual loss of a wear particle or what is known as bulk fracture 40) . Furthermore, the composites were stored in deionized water which might have given a higher degree of water sorption due to higher resin content. It has been reported that this uptake of water softens the resin matrix and makes it more susceptible to fatigue wear 13, 40) . Although the setup for the present study was a two-bodied abrasive wear process, it is also likely that dislodging or exfoliation of wear particles/asperities caused a situation where three-body abrasion was also occurring 13) . Hardness is often measured when assessing in vitro wear. However, Turssi et al. found it likely that hardness fails in predicting wear resistance because it cannot sufficiently characterize the interactions between abrasive particles and the wearing materials 13, 40) . In addition, resin composites with high values for hardness do not necessarily have a high resistance to abrasive wear 13) . For this reason, hardness was not assessed in the present investigation.
It has been reported that, when it comes to the size of the particles, larger and coarser particles will result in a rougher surface that has suffered more wear than in a composite with smaller and finer particles 13) . The following surface roughness parameters were measured:
St= The total height of summits; height between the highest peak and the deepest valley 41) . Sa= Surface roughness. Roughness is often closely related to the friction and wear properties of a surface. A surface with a large Sa value will usually have high friction and wear quickly 41) . Sfd= Fractal dimension of the surface. This parameter indicates the complexity of the surface using the fractal dimension theory. The dimension of a surface varies between 2 (plane surface) and 3 (very complex surface) 41) . Sci= Core fluid retention index; an important Sci index indicates a good property for fluid retention 41) . Sci and Sfd both describe how complex the surfaces of the composites in the study were. The surfaces for all composites had higher complexity as the particles became larger. These results were expected and explain why the micro-filled composites (high polishability) are used in esthetic areas such as for class III anterior interproximal fillings, class IV anterior inter-proximal including the incisal corner, and, to a certain degree, class V gingival at facial or lingual. The composites in this study with the smallest filler sizes had surfaces with the lowest level of complexity. A surface topography with low complexity might not enclave particles or other pollutants that could discolor the composite. Moreover, the light reflection on a smooth surface gives a better aesthetic than a rough and complex surface.
The FTIR methodology applied in the present study was found excellent for analyzing and evaluating the DC% of the matrices of the different experimental composites. The DC% had to be analyzed for each composite in order to verify that all polymer matrices had the same amount of converted double bonds. Otherwise, one would introduce another parameter into the study, which was not intended. It has been indeed previously reported that an increased wear resistance was correlated to increased curing time, i.e. increased degree of conversion resulting in less wear 14, 42) . The explanation for this being that the increased cure produced by the longer curing times causes the polymer network to be more highly cross linked and tougher, and therefore more resistant to the forces of wear 42) . The high degree of final conversion achieved in the present study did not correlate with values presented in a study from 2005. This study's optimum system attained a DC% of 86% compared to their control Bis-GMA/ TEGDMA, which only achieved a mere 65%. Furthermore, their series of novel mono-(meth)acrylates were presented as superior to the tried and true reactive dilutent TEGDMA, in regards to degree of conversion 43) . This was in direct contradiction to the findings of the present study. Their highly reactive mono-(meth) acrylates did yield faster polymerization rates and a significant reduction in polymerization volumetric shrinkage. These two parameters were not analyzed in the composites presenting the current investigation. The temperature, irradiation time, and photocurrent in the present study were not identical with the aforementioned experiment. It would be very interesting, indeed, to see what DC-values, volumetric shrinkage, and polymerization rates one would achieve with our composites under identical conditions, however this would be out of the scope for this very study.
concLuSIon
The Oslo Model establishes itself as a relevant oral wear testing device that can perform comparisons between dental filling materials. The model is believed by the authors to be closer to an in vivo wear situation than the other reported wear simulations models. The antagonist peaks of the cusps had detectable wear to the enamel, but did not reach the dentin, although worn for 120,000 wear cycles. However, further testing and improvements are needed in order to fully qualify the Oslo Model as a valid wear simulation device.
The surface roughness, fractal dimension and core fluid retention index were found lowest in the group of medium filling content and smallest particle size (p<0.05). A trend in volume loss and optical evaluation in SEM also support these findings. Consequently, the present study suggest, contradictory to previous studies, that the most wear resistant filling materials should consist of medium filling content, and that particles size is not as critical as earlier reported.
Adhering to the principle of parsimony and selecting parameters that can be controlled are of the utmost importance when designing a wear simulation device. Strict minimalism and being in command of all of the parameters will make the Oslo Model predictive, reproducible, and give the results scientific significance. The Oslo Model may establishes itself as a relevant wear testing set-up simulating oral conditions, and therefore more clinically relevant compared to other existing models.
